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Technical Field of the Invention 

The present invmtion relates to an q)parBtu5 for analysing the condition of a 
machine, and to a system for analysing the condition of a machine. The invention 
also relates to method of operating such a system. 



Dttcrlption of Related Art 

Machines with moving parts are subject to wear with the passage of time, whidi 
ofim causes tiie condition of the machine to deteriorate. &camples of such madiines 
with movable parts are motors, pumps, generators, compressors, lathes and CNC* 
machines. The movable parts may comprise a shaft and bearings. 



In order to prevent machine failure, such machines should be subject to maintoiance, 
depending on the condition of the machine. Therefore the operating condition of 
sudi a machine is preferably evahiated fiom time to time. The operating condition 
can be determined by measuring vibrations emanating from a bearing or by 
measuring tmiperature on the casing of the machine, which tempaatures are 
dependent on die operating c<mdition of the bearing. Such condition checks of 
machines with rotating or other moving parts are of great significance for safeq^ and 
also for the length of the life of such machines. It is known to manually perform 
sMch measurements on machines. This ordmarily is done by an operator with the help 
of a measiuring instrument performing measurements at measuring points on one or 
several machines. 

A number of commercial instruments are available, which rely on the fact that 
defects in rolling-element bearings generate short pulses, usually called shock 
pulses. State of Ae an shock pulse measuring apparatuses may include proprietaiy 
technology for ^nerating a value indicative of the condition of a bearing or a 
machine* 
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Summary 



An aspect of the invention relates to the problem of providing equipment for 
analysing the condition of a machine satisfying ihe conflicting requirements of 
reducing price for a piece of condition monitoring equipment while maintaining 
proftiability for the supplier of the analysis system. 

This problCTi is addressed by an i^aratus for analysing the condition of a madiine, 
comprising: 

An apparatus for analysing the condition of a machinei comprising: 

at least one input for receiving measurement data firom a sensor for 

surveying a measuring point of the machine; 

. data processing means for processing condition data dependent on said 

measuremmt data; said data processing means comprising means for perfomiing a 

plurality of condition monitoring fiinctions (P 1 , F2 J^n); and 

a logger for registering use of at least one of said condition monitoring 

functions (F 1 . F2 JFn). 

This advantageously enables charging a cost for use of the q>parettts. 



An cmbodimncnt of the apparatus comprising: 
a communication port (16); wherein 

said apparatus is adapted to be capable of delivering data indicative of said 
registered use on said communication port (16). 

This advantageously enables delivety of use info to a supplier, for charging a cost 
i.e. rq^orting the amount of xise to tfie supplier. 

An embodiment of the apparams further comprises: 

means for comparing said registered use with a first reference value^ 
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means for disabling said data processing means or at least one of said 
condition monitoring functions (F 1, F2,Fn} in response to the outcome of said 
comparison. 

This solution encourages a user to buy additional usage so as to maintain operahility 
of desired ftmcdons of the analysis apparatus. Such additional usage may be in ttie 
form of a number of measurements using a desired function, or a period of time the 
duration of which Is defined by the registered use and the fnst reference value. 



An embodiment of die apparatus fbrtber comprises:key reception means adapted to 
allow further use of said data processing means in response to reception of a first 
key. 

This advantageously enables a supplier to amend the relation between a registered 
use value and the reference value. Thereby it is possible to increase **tlie stored 
amount of use*' available before the data processing means is disabled. 



An embodiment of ttie apparatus fiiiflier cixtnprises: 

key reception means adapted to allow furth^ use of a selected one of said condition 
monitoring flmctions (Fl, F2;Fn) in response to reception of a key associated with 
said selected fimction. 

This advantageously enables a supplier to amend tiie relation between flie reference 
value and a registered use value for a selected function. Thereby it is possible to 
inciease "the stored amount of use'' available before the selected function is 
disabled. 

An embodiment of the apparatus furtiier comprises: 

means for reading a cunrent value of said registered use; 

means for comparing said current value with a second reference value; 

means for registering use at a fust rate ^en said current value is above 

the second reference value; and 
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means for registering use at a second rate when said current value is 
below die second reference value. 

This advantageously enables a supplier to sell usage at difiBsrent costs. When* 
accordiqg to one embodiment, a user has paid for a certain amount Ap of usage, the 
second refoence value is a level indicating that the whole amount Ap of usage has 
beenspmt llusmeansthatany furttier use will be usage which has not yei been 
pmd for. By the feature of registmng such farther use at a second rate it is possible 
to charge a higher cost per unit of usage for such further use. 



An embodiment of the apparatus wherein: 

at least some of said plurality of condition monitoring functions (Fli F2,Fn) is 
at least partly embodied by computer program code. 

An aspect of the invention relates to the problon of adiieving a cost-effective 
improvement of die length of life of machines with a movmg part 

An aspect of the invention relates to the problem of adiievhig an analysis apparatus 
for evaluating the condition of a machine. 
This problem is addressed by 

An apparatus for monitoring the condition of a machine, comprising: 

at least one input for receiving measurement data from a sensor for 

surveying a measuring point of the machine; 

data processing means for processing condition data dependent on said 

measxirement data; said data processing means comprising means for peifomung a at 

least two condition monitoring Amotions (F 1, F2,Fn); 

at least one of said plurality of condition monitoring functions ^1, 

F2,Fn) having a locked state and an unlodced state; s^d locked state pr<riiibiting 

complete execution of said condition monitormg function; and said unlocked state 

allowing execution; 
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means for changing the state of a selected condition monitoring 
function (Fl» P2,Fn) between the locked state and the unlocked state« 

This advantageously provides the analysis apparatus vdth an improved versatility* A 
manu&cturer can manxifacture the apparatus in a single fashion, and a supplier can 
sell the apparatus in several versions. More precisely, an apparatus having two 
individually lockableAinlockable functions can be provided in the following 
versions: 



Hence, a supplier can offer the apparatus in three versions, and dus allows for selting 
it at different price levels dependent on the functionality included. Each client is 
therefore provided with a choice as to which functions to choose. 

An embodim»t of the apparatus further comprises: 



condition monitoring functions (Fl, F2,Fn) in response to reception of a key 
associated widi said selected function; 

a logger for registering use of at least one of said condition monitoring 
functions {Fl. F2.Fn). 



condition monitoring functions (Fl, F2,Fn) in response to the outcome of said 
comparison. 



widi only the first function unlodcci^ 

with only die second function unlocked; 

with die first function and die second &jaction unlocked. 



key reception means adapted to allow use of a selected one of said 



means for comparing said registered use with a first reference value, 
means for disabling said data processing means or at least one of said 



Hence, A manufacturer can manufacture die apparatus in a single fashion, and a 
supplier can sell the apparatus in more than four versions: 
with only the first function unlocked; 
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with only the second function iinlocked; 
with the first function and the second Auction imlocked. 
with both functions locked but each function individually or collectively 
unlockable for a limited amount of use. 



Detailed Description of EmbodimentB 



In the following description similar features in diffmnt embodiments may be 
indicated by the same reference numerals. 

Fig. 1 shows a schematic block diagram of an embodiment of a condition analyang 
system 2 according to an embodiment of the invention. Reference numeral 4 relates 
to a client location with a machine 6 having a movable part 8. Hie movable part may 
comprise bearings 7 and a shaft 8 which, when the machine is in operation, rotates. 
The location 4, may for example be the premises of a paper mill plant, or some oOia 
' manu&cturing plant having machines with movable parts. 

An embodiment of the condition analyzing system 2 is operative when a sensor 10 is 
firmly attadied on or at a measuring point 12 ouibe body of the machine 6* 
Althou^ Figure 1 only illustrates two measuring points 12, it to be understood that a 
location 4 may comprise any number of measuring points 12. The condition analysis 
system 2 shown in Figure 1» comprises an analysis apparatus 1 4 for analysing the 
condition of a machine on the basis of measurement values delivered by tlie sensor 
10, 

The analysis apparatus 14 has a communication port 16 for bi-directional data 
exchange. The conununication port 16 is connectable to a communications network 
18, e.g. via a data inter&cel9. The communications network 18 may be tiie world 
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wide internet, also known as the Internet. The conununications netwoik 18 may also 
comprise a public switched telephone network. 

A server computer 20 is connected to the communications network 1 8. The server 20 
may coniprise a database 22, user input/ou^ut mterfaces 24 and data processing 
hardware 26. The server computer 20 is located on a location 28, w4iich is 
geographically separate from tiie diem location 4. The server location 28 m^ be in 
a first ^ty, such as the Swedish capital Stockholm* and the client location may be m 
another ^ly, such as Stuttgart, Germany or Detroit in Michigan, USA. Alternatively, 
the servtf location 28 may be in a first part of i town and Ate client location may be 
in another part of the same town. 

Fig. 2 is a schematic block diagram of an embodiment of a part of the condition 
analyzing system 2 shown in Fig 1 *The condition analyzing system, as iUustraxed in 
Fig. 2| comprises a sensor unit 10 for producing a measured value. The measured 
value may be dependent on movement or, more precisely, dependent on vibrations. 
Alternatively die measured value may be dependent on temperature. 

An embodiment of the conditim analyzing system 2 is operative when a device 30 is 
firmly mounted on or at a measuring point on a machine 6. The device 30 moimted 
at the measuring point may be referred to as a stud 30. A stud 30 can comprise a 
connection coupling 32 to which the sensor unit 10 is removably attachable. The 
connection coupling 32 can, for example comprise double start flireads for enabling 
the sensor unit to be mechanically engaged with the stud by means of a turn 
rotation. 

A measuring point 12 can comprise a threaded recess in the casing of the machine. A 
stud 30 may have a protruding part with threads corresponding to those of the recess 
for enabling the smd to be firmly attached to the measuring point by introduction 
into the recess like a bolt 
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Alternatively, a measuring point can comprise a threaded recess in the casing of the 
machine, and the sensor unit 1 0 may comprise corresponding threads so tliat it can 
be directly introduced into the recess. Alternatively, the measuring point is marked 
on tfie casing of the machine only with a painted mark. 

The machine 6 exemplified in Fig. 2 may have a rotating shaft with a ceitidn shaft 
diameter dl . The shaft in &e machine 24 may rotate at a certain speed of rotaticm VI 
when the machine 6 is in use. 

The sensor unit 10 mey be coupled to die apparatus 14 for analysing the condition of 
a machine. The analysis apparatus 14 comprises a sensor interface 40'for receiving a 
measured signal or measurement data, produced by the sensor 10. The sensor 
interfece 40 is coupled to a data processing means 50 capable of controlling the 
operation of the analysis apparatus 14 in accordance with program code. The data 
processing means 50 is also coupled to a memory 60 for storing said program code. 

According to an embodiment of the invention the sensor interface 40 c(»nprises an 
Input 42 for receiving an analog signal, the input 42 being connected to an analogue- 
tO'digital (A/D) converter 44, the digital ou^ut of which is coupled to Ae to the data 
processing means SO. 

The program memory 60 is preferably a non-volatile memory. The memory 60 may 
be a read/write memory, i.e. enabling both reading data £rom the memory and 
writing new data onto the memory 60. According to an embodiment the program 
memory 60 is embodied by a FLASH memory. Hie program memory 60 may 
comprise a first memozy segment 70 for storing a first set of program code SO which 
is executable so as to control the analysis apparatus 14 to perform basic operations 
(Figure 2 and Figure 3). The program memozy may also comprise a second memory 
segment 90 for storing a second set of program code 100. 
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According to some embodiinents of the invention the second set of program code is 
initially disabled so as to prohibit execution of said second set of program code. The 
disabled data 100 may be enabled in response to reception of a key. 

According to an embodiment of the invention the apparatus 14 comprises an 
inter£stce means for receiving the key. 

Figure 3 is a simplified illustration of an embodiment of the msmory 60 and its 
ccmtents. The simplified illustration is intended to convey understanding of Ae 
genwal idea of storing differmt program functions m memory 60. and it is not 
necessarily a correct technical teaching of the in which a program would be 
stored in a real memory circuit. The first memoiy segment 70 stores program code 
for controlling the analysis apparatus 14 to perform basic operations. Although the 
simplified illustration of Figure 3 shows pseudo code» it is to be understood that the 
program code 80 may be constituted by machine code, or any level program code 
that can be executed or interpreted by the data processing means SO (Fig.2). 

The second memory segment 90, illustrated in Figure 3» stores a second set of 
program code 100. The program code in segment 90, when run on the data 
processiAg means SO, will cause the analysis apparatus 14 to perform an added 
fimctioiL The added fimction mssy comprise an advanced mathffloadcal processing of 
a measured signal received via the sensor inter&ce 40. The added function, however, 
will be enabled and available only if the corresponding key or k^ word has been 
entered. 



A keyword embodiment 



According to an embodiment of the analysis apparatus 14 (Figure 2), the interface 
means comprises a user input interface 102, whereby an operator may introduce the 



00:42 



ALBIHNS STOCKHOLM f\B ^ 14^60286 
08 59887300 



Inic I Patent- ochreg.verket 
2002 ^1-^ 



NR.350 



10 



HuYudfoxen Kouan 



in the fonn of a code woid> also lefened to as key word. According to this 
embodiment the first set of program code 80 in the apparatus 14 compiises a 
program routine for requesting a code word, and for determining >;vhetibier a received 
code word is accepted. According to an embodiment the user input interface 102 
conoprises a set of buUims 104. An embodiment of the analysis apparatus 14 
comprises a user output interface. Hie user output inter&ce may coniprise a display 
unit 106. The data processing means SO, when it runs a basic program function 
provided in the basic program code 80, provide for user uitmction by means of the 
user input int^face 102 and ttie display unit 106. The set of buttons 104 may be 
limited to a few buttons, such as for example five buttons, as illustrated in Figure 2. 
A central button 107 may be used for an ENTER or SELECT function, whereas 
other, more peripheral buttons may be used for moving a cursor on the display 106. 
In this manner it is to be understood that symbols and text, such as the above 
mentioned code word, may be entered into the apparatus 14 via the user interface. 
The display unit 106 may, for example, display a number of symbols, such as the 
letters of alphabet, while the cursor is movable on the display in response to user 
input so as to allow tiie user to input a code word and/or other information. 

The enabled, executable version 1 10 of the second set of program code 100 may 
comprise an anatysts routine for processing measured signals or meastirement data 
received on the input 40 from the sensor 10. 

According to an embodiment of die invention the second set of program code 100 is 
disabled by means of encryption. Hence, according to this embodiment the second 
set of program code 100 is an encrypted set of data 100. The encrypted data 100 is 
deciyptable. Oectyption may be achieved by means of a decryption program routine^ 
provided that a correct decryption key^ e.g. in the form of a data word, is received. 
The decryption routine may be comprised in one of the basic functions 80, illustrated 
in Fig 3. 
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Iq die course of deciypting an enciypted set of data 100, the decxypted data UO may 
be stored at a third memory location 112. When deciypted, the second set of program 
code is an executable version 1 10 of the second set of program code 100. Hence, the 
memory location 90 may store a disabled vemon of computer program code and» 
provided a correct key has been entered, the memory location 112 will provide 
access to an enabled version of that computer program code. 



Although, in the above, enabling of program fimctions has been described in detail 
only for a single program function, it to be und^ood that a large number of 
analysis fimctions may be provided in a disabled state in the analysis apparatus 14. 

The number disabled program fimctions stored by the apparatus 14 may be in die 
range from one to twenty^five, or even more. This advantageously leads to a wide 
selection of functions, and the apparatus 14 may be sold at a competitive and 
relatively low price in a vision where only one or a few of the program functions 
are ^labled. According to a preferred embodiment an enabled program function 
remains enabled for a limited amount of use such that when the limited amount of 
use has been consumed, the program fimction will automatically become disabled 
again. An additional amount of use of the program function can be addkd by means 
of a dedicated usage enabling procedure. Exc»nition of the dedicated usage enabling 
procedure may require clearance by the distributor. This embodimoit of the 
invention advantageously makes it possible to provide, on the market at a 
competitively low price, a condition analysis system comprising a wide variety of 
program functions so that users may obtain a very versatile instrument at low initial 
cost The user may instead pay a certain amount of money for obtaining an additional 
amount of use of a selected program fimction. 

According to an embodiment of the invention the apparatus 14 stores at least five 
different disabled program functions, when die apparatus is ready to be delivered to 
a customer. Accordmg to another embodiment the apparatus 14 stores at least fifteen 
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difFerent disabled program functions upon deliveiy to a customs. Accoiding to 
some embodiments at least two of the initially disabled program functions are. when 
enabled, for generating indications of the condition of a machine in response to 
measured vibrations. According to preferred embodiments at least half of the 
initially disabled program functions are, when enabled, for generating indications of 
die condition of a machine in response to measured vibrations. 



Each one of the disabled functions can be individually oiabled in dependence of a 
key. According to some embodiments of the invention each function is individually 
enabled dependent on a unique key word. According to an embodiment a group of 
program fimctions can be enabled in dependence of one single keyword. 



A M?PhaBica3 Key gmbodjmgW 



According to another embodiment the interface means in the apparatus 14 comprises 
a receptor for receiving a mechanical key (not shown). According to this 
embodiment an operator may introduce the key in die form of a mechanical key for 
the purpose of enabling an additional analysis apparatus fimction* The receptor for 
receiving a k^ may comprise contact means operating to enable the disabled data 
100 on reception of the corresponding correct key. According to one version of diis 
embodiment ihe correct mechanical key may be rotated to cause a cmutct device to 
close an electric contact coupled to die memory 60. diereby enabling the reading of a 
range of memory addresses. Following such a procedure, the data processing means 
50 is capable of reading and executing the second set of program code 100 which is 
stored on said second memory segment 90, i.e. on said range of memory addresses. 



A Procedure and a System Providing Tailored Functionality for Evaluating die 
Condition of a Machine 
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Analysis of a machine's vibration signanire is valuable for reducing unscheduled 
dovm time, reducing downtime for repair, minimizing periodic disassembly of a 
machine for inspection and greatly reducing the probability of catastrophic and 
unexpected machine failure. 

According to one embodiment of the invention, a manufacturer of condition 
monitoring systems may provide customers wifh a vciy versatile, yet non-eiqiensive 
analysis apparatus 30. The analysis qiparatus 14 according to this canbo^mt 
allows for '^lozed" outfit of Madime Condition Monitoring functions ^CM 
functions)^ in accordance with the individual preference of each customer. Potential 
customers of condition monitoring apparams range ftom maintenance personnel - 
spending all their professional time analysing the condition of machines with the use 
of advanced analysis functions - to workshop personnel with a need to make an 
occasional control of a few machines. 

The workshop personnel usually requires only a few basic monitoring fimctions for 
d^ection of vdiether the condition of a machine is normal or ahnormaL On ducting 
an abnormal condition, the workshop personnel may call for professional 
maintenance pcrscmnel to establish the exact nature of the problem, and for 
performing die necessary maintenance woik. The professional maintenance 
personnel frequently needs and uses a broad range of evaluation functions making it 
possible to establish the nature of an abnormal machine condition. Hence, different 
users of an analysis apparatus 14 may pose very different demands on the function of 
ihe ^aratus. 

In order to satisfy this broad range of dmiands, an embodiment of tiie present 
condition analysis system includes an apparatus 14 having a plurality of Machine 
Condition Monitoring functions, each one of which may be activated on demand. 
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Figure 4 is a simplified illustration of a second embodiment of the memoiy 60 and 
its contrats. As described above, the first memory segment 70 stores program code 
for controlling Ote analysis apparatus 14 to perform basic operationa. 

The second memory segment 90, illustrated in Figure 4, stores a srecond set of 
program code 100. The program code in segment 90, when run on the data 
processiflg means SO, will cause the analysis apparatus 14 to perform a first Machine 
Condition Monitoring function (MCM fimction) PL 

The memory 60 may also include a third momory segment 120, as illustrated in 
Figure 4, storing a third set of program code 130. The program code in segment 120, 
when run cm the data processing means SO, will cause the analysis apparatus 14 to 
perform a second Machine Condition Monitoring function F2. 

The memory 60 may comprise a large number of disabled functions Fl» F2» F3... Fn, 
where n is a positive integ^. Each one of die functiohs Fl« F2> F3... Fn may be 
individually enabled as des^bcd elsevd&ere in this document. 

Once a function Fl, F2, F3... Fn has been enabled it may be individually activated on 
demand e.g. by an opaator so that the program ftmctlon causa ibe analysis 
apparatus to perform die tasks prescribed by the computer program fimctkm. 
Although the functions Fl and F2 have been described in Figure 4 as being stored on 
sq)arate memory locations^ for the purpose of simplifying the understanding of this 
embodiment of the invention, it is to be understood tiiat ihe functions F1,F2, F3,.. 
Fn may be stored in odier mannas. Additional, one ftinction Fi, where i is a integer 
in the range 1 ..n, may use some, or aU, of the program code for anodier fimction Fj, 
where J is an integer in die range l..n. 
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A Usage Debiting/Crediting Procedure 

Figure 5 is a flow chart lUustiating aa embodimem of a procedure according to fhe 
invection. An operator planning to perform a round of measurements may first 
consider wtot type of measurements and analysis is to be done, i.e. xirtiat type of 
Machine Condition Monitoring ftmction is required. The choice of Machine 
Condition Monitoring function depends on the type of machinery to be injected* 
and on how advanced an evaluation the operator intends to achieve, as described 
above. 

A usa help fbnetion, provided among fhe basic functions 80 in fhe first memoty 
segment 70. can be activated by tiie operator to provide information about the 
purpose of any individual function Fl • Fn. Ibis can advantageously contribute to a 
stqswise increase of the competence of tt&e operator, since ibs pperator may start 
ttsmg lelatively simple MCM functions and then, being informed by die ustf help 
fimotion, the operator may choose to proceed to using more advanced functions. 

Once Hit operator has decided that he will need to enable a presently disabled 
Amotion from the group consisting of functions Fl-Fn the operator may activate the 
Usage Debiting/Crediting Routine 132, The Usage Debiting/Crediting Routme 132 
can also be used for changing the value of a level parameter* The value of die level 
parameter decides the extent to which (he analysis apparatus 14 may be used, as 
described in fiirtfaer derail below. 



The Usage Dd>iting/Crediting Routine 132 (Fig. 4) is one of the basic functions 80 
in the first momory segment 70, which is described in coimection wiAt Fig 4 above. 
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By means of die user interface 102, 106 (Figure 2) the operator can activate the 
Usage Debiting/Crediting Routine, as illustrated by step SUO in Fig,5. 

In step S120 (Fig 5), the Usage Debiting/Crediting Routine 132 causes the apparatus 
14 tt> display a list of the available fiincttons, e.g, via the user inter&ce 102/106 
(Figure 2). This may include a listing of a plurality of different functions and an 
indication about status for each individual fimctioa According to a prefmred 
embodimoBt fhe status information indicates for each whether it is disabled or 
cabled. For the enabled functions Ae status infomation may include infonnation 
about the remaining amount of use. 

In step S130 the operator selects to buy more usage of a function. In response thereto 
a request for an additional amount of usage is generated (S140). 

Aeeording to an embodiment the request includes information identifying the 
function whose usage is to be increased, and payment infbmiation. Hie payment 
information idoitifies a person responsible for paying the cost of the requested usage 
or, alternatively ti&e payment information can in itself effect payment. The payment 
information m^ include data such as a credit card numb^. 

According to another anbodiment the payment information may include information 
indicating that payment has akeady been effected. 

The request is delivered to the premises 28 of a supplier (S150), According to an 
embodiment the request is delivered by means of die communications networic 1 8 
(Fig I). Hence, request may be delivered &om the apparatus 14 to the server 
compuier 20, e.g. via data communication 
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At the suppli^ premises 28 the request is processed (S160X the processing including 
a verification step for establishing whether the request is to be granted or not. The 
verification may, for example, include an evaluation of the payment infomiation to 
decide whether tiie payment information satisfies certain predetermined payment 
CTitttia. According to a preferred embodiment the request is in-ocessed automatically 
by the servo: cmnputer 20. 

According to an embodiment this paymmt information evaluation includes a step of 
checking whether the payment information indicates that payment has already been 
effected, or whethn it merely indicates a person responsible tat paying die cost If 
the payment information merely indicates a person responsible for paying ihe cos^ 
the server computer 20 may proceed to check with a dedicated database for 
establishing whether clearance may be given for this person. The dedicated database 
may include information about the financial situation for the person responsible for 
paying the cost Accordir^ to one embodiment, the server computer limits this 
clearance check to a verification using data in the database 22 internal to the 
premises of ihe supplier 28, According to another embodiment the payment 
evaluation includes a communication with a financial services database. 

Step S170 illustrates that if step SI60 results in the request bemg granted, the 
supplier will deliver a key to the client (SI 80). 

In step SI 90 the key is received in the apparatus. The reception of a key may be 
achieved as described above. 

After reception, there is a verification procedure S200 for ascertaining ^e validity of 
the k^. The result of the verificati<m procedure S200 is an acceptance or a 
discarding of the key. If the key is not accepted, the apparatus will provide a non- 
acceptance indication by means of the user inter&ce 106 (Step S210). 
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If Ac key is accqrted the appaialus 14 will, in response to tiie key, amend a level 
parameter to change an amount of usage status (step S220). 

According to an embodiment, the key is associated with Ac selected fimction so that, 
when correctly applied to the apparatus 14. the key will increase the allowed amount 
of usage of that fimction. In other words, the key cause a level parameter 
associated with the selected fimction to be amended. lUe level parameter associated 
with a selected function is a parameter whose purpose is to indicate how much the 
apparatus 14 may execute the selected function. 

With reference to Fig 4. an embotonent of the invention involving a level parameter 
is described. According to this embodimeiit the level parameter may be a counter 
value, herein referred to as "Use.Fw", whae k is an integer indicating the assocUtion 
with the corresponding function Fl, F2, F3... Fn. Hence, fimction Flis associated 
with level parameter "Use_F,", and function F2 is associated with level parameter 
•TJse.Fa" etc. According to Ais embodiment, flie key wiU Include a first data portion 
for associating the key with the conespdnding fimction F 1, F2 or F3 etc; and a 
second data portion for indicating the amount of use purchased. 

Afler execution of step S220. the user interface of the apparatus will present 
information (step S230) for the purpose of aUowing the operator to select a next 
operation to be executed. This includes selecting between e.g. starting a 
xncasurement, returning to step S 1 10 fiir r^eating the above procedure, or turning 
aSHns apparatus 14. 

According to an embodiment the above mentioned request faicludes infomiation 
identifying the individual analysis apparatus, and payment information. The key to 
be received may cause a level parameter associated with fte use of all relevant 
functions in that individual analysis apparatus to be amended. Hence, such a level 
parameter may be associated with all MCM fbnctions. 




19/81/2002 00t42 fiLBims ggg^^ bfct Patent- ochreg-veiket 

9 2002 -01- 1 8 

HuvucKaxen KasMn 



According to an embodiment the above mentioned request includes infiamation 
identiOring Ae individual analysis apparatus, and the fiinction whose usage is to be 
increased, and payment information. 

KKanrmle 1 

This example describes an embodiment relating to the above-mentioned procedure. 
When a cUent has purchased e.g. ten units of use fer the computer program routine 
Tunction_Fl" (See Fig. 4). the amount indication portion of flie key may cause Ac 
paiameterWri t<> ««ease by ten units. Hence, if the parameterUseJ^l had 

numerical value aero (0) before reception of the key. dien the parameter UscJF 1 wiU 
have numerical value "10" (ten) after correct reception of that key. For each 
execution ofthe computer program routine "Function^Fr the numerical value of the 
parameter Use_Fl wiUbe decreased by one (1), When the computer program routine 
•Tunction_Fr has been executed ten times so that the parameter UseJFl again has 

the numerical value zero (0). the conqniter program routine "Function^Fl" wiU 
become disabled. 

In order to enable the computer program routine "Function^Fl", the cHert can 
purchase a new amount of use by means of the procedure described above. 



This example describes an embodiment similar to the Example 1 embodiment above. 
It is noted that in the Example 1 embodiment the computer program routine 
»Function_Fl" becomes disabled when the parameter Usc_Fl reaches a first 
referoice vahie (zero in tiie «can^le). 
The method mey also include the steps of: 

readhig a current value of said regUtered use; 

comparing «aid current value with a second reference value; 
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registmng use at a &st zate when said current value is above the second 
reference value; and 

regjistering use at a second rate when said current value is below die second 
re&rence value. 

This advantageously enables a supplier to sell usage at different costs. When, 
according to one embodiment, a us» has paid for a cotain amount Ap of usage, the 
second reference value is a level indicating that the amount Ap of usage already paid 
for has been spent This means that any further use will be usage which has not yet 
been paid for. By the feature of registering such further use at a second rate it is 
possible to charge a higha cost per unit of usage for such fiirthet use. 

An Embodiment of a Usage R^dstering Procedure 

Figure 6 is a flow chart illustrating an eoibodiment of a procedure according to the 
iirvention. 

The procedure may start with step S230, i.e. the user interface of the aj^aratus 
presents information for the purpose of allowing the operator to select a next 
opmtion to be executed. 

In step S240 the op^ator selects to request die apparatus to perform a CorulitiQn 
analysis function. This means that the operator may select one of fiie functions 
whose use is to be registered. The operator may do this by means of the user 
interface 102J06. 



In a step 250 the computer program 80 (Figure 4) will in response to the operator 
input check whedier the selected operation involves any of the of the functions 
whose use is to be registered. The functions whose use is to be registered includes 
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the above discussed MCM functions Fl - Fn. A fimction whose use is to be 
registered is inferred to as a "restricted fiinction" in the foUowing text 

If the selection involves only unrestricted functions the apparatus 14 (Fig2) wiU 
hiitiaie and pcrfonn such operation (step S260) and then return to step S230. 
If a restricted fimction is selected, fbs computer program 80 (Figure 4) will in 
response thereto Aeck wheflier the selected fimction is enabled or disabled (Step 
S270). 

If Hw selected fimction is disabled, flie computer program «0 will present 
information to this effect (S280). and offer to proceed to any of steps S230, step 
SllO or S120, described above. , 

If the selected function is enabled, the computer program 80 wiU re^ster the use of 
the selected restricted fimction (S290), and execute the selected restricted fimction 
(Step S300). Although Fig. 6 iUustrates a certain order between activities, it to be 
undeistood that the invention is not restricted to performing the steps in that 
particular orda. In particular, ttie registration of use (step S290) may be performed 
before or after or somewhere during the execution of the lestiicted fimction. 

The use maybe registered by counttog a duration of Execution of aiestricted 
fimction, in which case the registration of use may Include a registration of a start 
i * " time in a step S290A (as indicated in Fig 6) and the registration of a stop time in a 

' } step S290B. In such an embodiment the step S290A may be performed immediately 

V beforetheexecutionoftherestrictedfimction.andthestepS290Biscxccuted 

immediately thereafter. 

• * 

ASta successfiil execution and registration of use the computer program 80 may 
update a status register (step S310). Sudi update may include updating any and all 
•'/-> wiriaWes/paiameteis needed for delivering status information conecUy nexitlme 
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step S120 is petfoimed (See Fig 5 and corresponding description). Hence, step S310 
may include detection of a usage parameter value indicating that a certain act is to be 
pecfoimed in response to the changed status. For example, if a parameter indicates 
that aU usage tat one or all restricted functions has been spent, the said certain act 
may include disabling ihe restricted fimction or fonciions. Such disabling may 
include erasing a dcciypted version 1 10, so that only enoiypted versions remain. 

Figure 7 is a physical embodiment of an apparatns 14, The 
apparatus has an apparatus bo«fy: and a display 106 provided on at least one 
of said apparatus body. Also provided on the body is a user input interfiice 102 
comprising a key board. 

The apparatus body is portable; and it is shaped and adapted to enable a one-hand 
grip, as illustraied in figure 9. Figure 9 illustrates a hand 140 of a user. Moreover the 
user input intetfecc 102 is positiraed and adapted so aa to enable user interaction by 
means ofthc user hand 140. in the embodimettt shown in Fig 9 the user input 
interftce 102 is operable by means of a thumb 150 of the user. 

Figure 8 is a side view of the apparatus shown in Figure 7. The 4>paratu5 body is 
providedwithfasten«sl60foravttiststrapl70. The wrist strap 170 is illustrated 

in Figure 9. 

The body also has a holder 1 80 for an elongated device. The elongated device 

be a pen or a pointing device for user input via the display 106. The dUplay 106 may 

be a touch sensitive display allowing user input by means of the pointing device. 



Figure 10 is atop view of an embodiment of flie apparatus 14, illustrating the 
physical dimensions thereot Figure 1 1 is a side view of the apparatus shown m 
Figure 10. 
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The display 1 06 has an extension xd in a first directirai and an extension Yd in a 
orthogonal direction such that the display area is at least 412S nun^ 

The apparatus body has a first portion 190 adapted for gripping by a user. The first 
portion has an extension xl in a first direcUon. an extension yl in a second direction. 
The body has an extension z 1 in a diird direction, as iUnstrated in Fi gure U . The 
body also has a second body portion 200 having an extension x2 in a first direction, 
an extension y2 in a second direction. 

Accoidingto an embodiment: 
xl is less than 80 mm 
yl is less than 140nun 
zl is less dian 35 mm 
x2 is less than 100 mm 
y2 is less dian 160 mm 

According to another embodimrat : 
xl is less dian 60 mm 
yl is Less than 120mm 
zl is less than 30 mm 
x2 is less dian 80 mm 
y2 is less than 140 mm 

According to an embodiment the apparatus 14 has a body volume of less (faan 1006 
250 mm^ and said display has a display area of at least 4800 mm^ 



According to ano&cr embodhnentthe .^varaius 14 has a body volume of less than 
800 000 mm'. 



19.^1X2002 00:42 flLBIHNS STOCKHOLM fiB . 0560286 NR.35a 

08 39887300 "^'-Patent- 




24 



Claims 

1. An apparatus for analysing the condition of a machine, comprising: 

at least one input fiar receiving measurement data from a sensor for 

surveying a measuru^ point of the machine; 

data processing means for processing condition data dependent on said 

measurement data; said data processing means comprising means for perforoiing a 

plurality of condition mwiitoring fimctions (Fl, F2 Jn); and 

a logger for registering use of al least one of said condition monitoring 

&ncd«is(Fl»F2J?n). 



2. An apparatus for analysing the condition of a machine, conq)rising: 

at least one input for receiving measurement data from a saisor for 
survqiing a measuring point of the machine; 

data processing means for processing condition data dependent on said 
measurement data; said dataproeessing means comprising means for performing a 
plurality of condition monitoring fimctions (Fl, F2JFn). 

3. The a?jparatus acc(»dittg to claim 2, forOier comprising: 

a logger for registering use of at least one of said condition monitoring 
functions (Fl,F2;Fn). 

4. The ^paratos according to claim 1, 2 or 3 AS*wein 

at least one of said condition raomtoring fimctions (Fl . F2,Fn) generates 
said condition data hi response to measurement data indicative of vibration. 



5. The apparatus according to any of claims 1 - 4, whecefai 
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said at least (me input includes an input a^ted to receive shodc pulse 
measunment data; said adapted input cominising means for treaimem of said shock 
pulse measurement data and deliveiy of said treated data to said daia processing 
means. 

6, The aiipatatus according to any of claims 1 • S, vidierein 
at kast one of said condition monitartng functions (Fl, F2^n) genoates 

said condition data in response to measurement data indicative of tonperature. 

7. The ^aratus according to claim 6. wherein 
said at least one input includes en input adapted to receive measurement 

data indicative of temperature; said adapted iiqnit comprising means for treatment of 
said temperature measurement data and deliveiy of said treated data to said data 
processing means. 

8, The apparatus according to any of claims 1-7, vvherwn 
said at least one input includes at least one analogue-to-digital converter 

coupled so as to enable reception of an analogue signal ftom said sensor and deliveiy 
of a eonesponding digital signal to said data processing means. 

9. The apparatus according to any of claims 1 > 8, wher^ 
said plurality of condition monitoring flmctions (Fl. F2J?n) mdudes one or more 
functions selected from the group consisting of. vibration anafysis, temperature 
analysis, shock pulse measuring, spectrum analysis of shock pulse measurement 
data. Fast Fourier Transformation of vibration measurement data, graphical 
piesentation of condition data on a user interface, storage of condition data in a 
vvxiteable faiformation carrier on said machine, storage of condition data in a 
wrilsable information carrier in said apparatus, tachometering. 



10. The apparatus according to any of claims 1-9, fiutiier ecmqprising: 
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a communicaticn port (16); wherein 

said apparatus is adapted to be capable of delivering data indicative of said 
registered use on said communication port (16). 

*I 1. The apparatus according to any of claims 1 - 10, wherein: 

at least one of said pluraUly of condition monitoring fiincttons (Fl, ¥2^n) has 
an enabled state and a disabled state. 

12. The apparatus according to any of claims 1 • 10, wherein: 

all or several of said plurality of condition monitoring functions (PI, F2,Fn) 
have an enabled state and a disabled state such that each of said all or several 
condition monitoring Ifunctions can be individually enabled or disabled. 

13. The apparatus according to any of claims 1 -* 12, further comprising: 

means for comparing said registered use with a first reference value» 
means for disabling said data processing means or at least ime of said 

condition monitoring functions (Fl. F2,Fn) in response to the outcome of said 

comparison. 

14. Tlxe apparatus according to any of claims 1-13, further eomprising: 

key reception means adapted to allow fiuther use of said data processing 
means in response to reception of a first key. 

15. The apparatus according to any of claims 1 - 14, further comprising: 



said condition monitoring functions (Fl, F2,Fn) m response to reception of a key 
associated witfi said selected function. 



key reception means adapted to allow further use of a selected one of 



16. The apparatus according to clum 14 or IS. wherein: 

said key reception means includes a conimunication port (16); and 
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said key includes a key word comprising infoimation indicative of an 
amount of usage to be allowed. 



17. The apparatus according to any of claims 1 - 16, further comprising: 

a user interface for allowing an operator to indicate a desire to execute a 

condition monitoring function (Fl, F2,Fn); 

means for checking whettier the indicated fimction is disabled or enabled; 
means for causing mecution of said indicated fimction when enabled. 



18. The apparatus according to claim 17. fiirther comprising: 

means for causing the data processing means to present infomiation to the 
effect that the indicated fimction cannot be executed when the indicated function is 
disabled. 



19. The apparatus according to any of claims 1-18, further comprising: 

means for allowing an op»ator to indicate a desire to obtain an increased 
amount of xise of a selected condition mcoiitoring fimction (Fl, F2JFn); 

means for generating a usage request message so that it includes infonnation 
identi^mg said selected conditio monitormg fimction (Fl, F2,Fn), 

20. The apparatus according to any of claims 1 - 19, wherein: 

said logger is adapted to score at least two parameters (Use^F], UseJFi 
); a first one of said at least two parameters being associated with an amount of use 
of a first condition monitoring fimction (Fl, F2, Fn)» and 

a second one of said at least two parameters being associated with an amount of use 
of a second condition monitoring function (Fl, F2» Fn). 

21. The apparatus according to any of claims 1 • 20, fiirdier comi^ising: 

means for reading a current value of said r^stered use; 

means for comparing said cuirent value widi a second refer»ce value; 
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means for regsstering use at a first rate when said currmt value is above 
the second reference value; and 

means for registering use at a second rate when said current value is 
below the second reference value* 



22. The apparatus according to any of claims 1 - 21, whmin: 

said data processing means includes a Field Programmable Gate Array circuit 

23. The apparatus according to any of die preceding claims, having: 

an ^paiatus body; and 

a display provided on, at or in, said apparatus body. 



24. The apparatus according to claim 23> wherein: 

said display has a display area of at least 412S mm^ 



25. The apparatus according to claim 23 or 24, whmin: 

said apparatus body has a bocfy volume of less than 1006 250 mm^. 

26. The ^panrtus according to any of claims 23 - 25, wherein: 

said display has a displsQ^ area of at least 4800 mm^. 

27. The apparatus according to claim 23 or 24, wherein: 

said apparatus body has a body volume of less than 800 000 mm^. 



28. the apparatus according to any of the preceding clauns> wherein: 
said apparatus body is portable; and 

said apparatus body is shaped and adapted to enable a one«hand grip; 
said apparatus body including user interaction means adq)ted to enable user 
interaction by means of said one hand. 



00:42 



j:jLBIHhB STOCKHOLM AB e*5602B6 
08 59887300 




29 



29. The apparatus according to any of tiie preceding claimSp wherein: 

said apparatus body is houses readable and writeable memoiy means having a 
storage capacity exceeding 8 megabits. 

30. The apparatus according to claim 2% wherein: 

said storage capacity exceeds 240 megabits. 

3 1 . The apparatus according to any of ^ preceding claims, wherein: 

said apparatus body houses at least two data processing devices; one of said 
data processing devices being a Field Programmable Gate Array. 

32. The apparams according to air^ of tiie preceding claims, whoein: 

said registered use is a parameter indicative of a number of executions of at 
least one of said condition monitoring functions (Fl, F2,Fn). 

33. The apparatus according to any of claims wherein: 

said registered use is a parameter indicative of an extent of time. 

34. The apparatus according to any of the proceeding claims^ wherein: 

at least some of said plurality of condition monitoring functions (Fl , F2,Fn> is 
at least partly embodied by computer program code. 

35. An apparatus for monitoring the condition of a machine, conq>ris]ng: 

at least one input for receiving measurement data from a sensor for 
surveying a measuring point of the machine; 

data processing means (FPGA + Program) for processing condition data 
dependent on said measurement data; said data processing means comprising means 
for performing a at least two condition monitoring functions (Fl, F2,Fn); 

at least one of said plurality of condition monitoring functions (FU 
F2 JFn) having a locked state and an unlocked state; said locked state prohibiting 
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complete executioa of said condition monitoring function; and said unlocked state 
allowing execution; 

means for changing the state of a selected condition mcmtoring 
fiinction (Fl, F2,Fn) between the locked state and the unlocked state. 



36 The ajqparatus according to claim 35, fiirHier comprising: 

key reception means adapted to allow use of a selected imt of said 

condition monitoring functions (Fl, F2,Fn) in response to reception of a key 

associated with said selected function; 

a logger for registering use of at least one of said condition monitoring 

fimcdons (Fl, F2 Jn). 

means for comparing said registered use with a first reference value, 
means for disabling said data processing means or at least one of said 

condition monitoring Amotions (Fl, F2,Fn) in response to the outcome of said 

comparison. 

37. The apparatus according to claim 33, whsein 

said data processing means comprises means for perfonning a plurality of 
condition mcmitoring fimctions (Fl, F2^n); all or several of said plurality of 
c(mdition monitoring functions (PI, F2JPn) having a locked state and an unlocked 
state such fbat each of said all or several condition monitoring functions can be 
individually locked or unlocked. 

38. The apparatus according to any of claims 3S-37, wherein: 

said apparatus body is houses readable and writeable memory means having a 
storage capacity exceeding 8 megabits. 



39. The apparatus according to claim 38, wherein: 
said storage capacity exceeds 240 megabits. 
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40. The apparatus according to any of claims 35-39, wherein: 

said apparatus body houses at least two data processing devices; one of said 
data processing devices being a Field Programmable Gate Array. 



41. A method of operating a system for analysing the condition of a machine, the 
system comprising a supplier part and a client part; said client part havii^: 

a sensor for obtaining measurraient data ^en said smsor is applied at a 
measuring point on the machine; and 

an evaluator (FPGA + Program) for genoating condition data dependent 
on said measurement data; 
the method comprising the step of: 

controlling said evaluator so as to disable at least a part of said evaluator 
after an amoimt of use. 



42. The mefliod according to claim 41 further comprising the step of: 
measuring or detecting use of said evaluator; and wherein 
said disabling is perforated in response to said measured or detected 

use when said measured or detected use is indicative of a certain amount of use of 

said evaluator. 



43. The meOiod accordti% to claim 41 or 42 wherein: 

said disabling can be avoided by the reeeption, at said client part, of a 

first kqy. 

44- The mediod according to claim 41 or 42, comprising the steps of: 

enabling at least a pan of said evaluator hi response to a fust k^. 



45. The method according to claim 43 or 44, comprising the steps of: 
delivering said first key from said supplier part 
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46. Hie method according to claim 43 or 44, compiising the steps of: 

receiving, at said sujjpUer part, a zcquest for an amount of use for said 
evaluator; said request including infonnation indicative of an identity of said 
evaluaton 

graierating, at said supplier pan, said first key in dependence on said 
identity information; and 

delivering said first )ssy from said supplier pait after a clearance of said 

request; 

enabling further use of said evaluator in response to reception, at said 
dioot part, of said first key. 
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An apparatus for analysing the condition of a machine, comprising: 

at least one input for receiving measurement data from a sensor for 

survqong a measuring point of the machine; 

data processing means for processing condition data dependent on said 

measurement data; said data processing means comprising means for perfonning a 

plurality of condition monitoring functions (Fl, F2,Fn); and 

a logger for registering use of at least one of said conditioii monitoring 

functions (Fl,F24^n}. 
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